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(sofiware reliability growth model, SRGM ) [3, 9, 10] ,
, 1 . ,
(nonhomogeneous Poisson
process, NHPP ) SRGM , ,
SRGM 1 , $[2, 4]$ .
, , ,




, [7, 8, 12],
(Ornstein-Uhlenbeck process) [1] ,






1 , SRGM .
, 1 , NHPP
SRGM, $\mathrm{S}$ SRGM, $\mathrm{S}$ SRGM 1 –
. , SRGM , , $\mathrm{S}$ , $\mathrm{S}$
. , ,





, $t$ $N$(t) . , $N$ (t) ,
. $N$ (t) ,
.
$\frac{dN(t)}{dt}=b(t)\{a-N(t)\}$ $(a>0, b(t)>0)$ . (1)
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, (1) , (1) , ,
$t$ l 1 $b$ (t) . ,
$\xi(t)$ , (1) [6] .
$\frac{dN(t)}{dt}=\{b(t)+\xi(t)\}\{a-N(t)\}$ . (2)
, $\xi(t)$ , ,
, It\^o , .
$\xi(t)=\sigma\gamma$ (t) $(\sigma>0)$ . (3)
, $\sigma$ , $\gamma(t)$ (Gauss )
. (3) (2) ,
$\frac{dN(t)}{dt}=\{b(t)+\sigma\gamma(t)\}\{a-N(t)\}$ , (4)
. (4) It\^o [6] ,
$dN(t)= \{b(t)-\frac{1}{2}\sigma^{2}\}\{a-N(t)\}dt+\sigma\{a-N(t)\}dW(t)$, (5)
. , $W$ (t) 1 (one-dimensional Wiener process) ,





, $N$ (t) . , It\^o [6], Kolmogorov
, ,
. It\^o , (5) ,
$N(t)=a[1-$ $\mathrm{x}\mathrm{p}$ $\{-\int_{0}^{t}b(s)ds-\sigma W(t)\}]$ :
, , $N$ (t) , $W$ (t)
$(\mathrm{a})-(\mathrm{b})$ (Gaussian process) ,
.
$\mathrm{P}\mathrm{r}[N(t)\leq n|N(0)=0]=\Phi(\frac{\log\frac{a}{a-n}-\int_{0}^{t}b(s)ds}{\sigma\sqrt{t}})$ (7)
, $\Phi(\cdot)$ , ,
$\Phi(x)=\frac{1}{\sqrt{2\pi}}\int_{-\infty}^{x}\exp(-\frac{y^{2}}{2})dy$, (8)
.
, (6) 1 $b$ (t) ,
, , $\mathrm{S}$ , $\mathrm{S}$ .
82
2.1
, NHPP SRGM ,
(6) 1 $b$ ( t)
.
$b(t)\equiv b_{e}(t)=b$. (9)
(9) (6) , $N_{e}$ (t) ,
$N(t)\equiv N_{\mathrm{e}}(t)=a$ [l-exp{-bt-\sigma W(t)}], (10)
. , $N_{e}$ (t) .
, (9) (7) ,
$\mathrm{P}\mathrm{r}[N_{\mathrm{e}}(t)\leq n|N_{e}(0)=0]=\Phi(\frac{\log\frac{a}{a-n}-bt}{\sigma\sqrt{t}})$ : (11)
.
2.2 $\mathrm{S}$
$\mathrm{S}$ , NHPP $\mathrm{S}$ SRGM
, (6) 1 $b(t)$
.
$b(t) \equiv b_{d}(t)=\frac{b^{2}t}{1+bt}$ . (12)
(12) (6) , $\mathrm{S}$ $N_{d}$ (t) ,
$N(t)\equiv N_{d}(t)=a[1-(1+bt) \exp\{-bt-\sigma W(t)\}]$ , (13)
. , $\mathrm{S}$ $N_{d}$ (t) ,
, .
$\mathrm{P}\mathrm{r}[N_{d}(t)\leq n|N_{d}(0)=0]=\Phi(\frac{\log\frac{a}{a-n}-bt+\log(1+bt)}{\sigma\sqrt{t}})$ . (14)
2.3 $\mathrm{S}$
$\mathrm{S}$ , NHPP $\mathrm{S}$ SRGM
, (6) 1 $b$ (t)
.
$b(t) \equiv b:(t)=\frac{b}{1+c\cdot\exp(-bt)}$ . (15)
(15) (6) , $\mathrm{S}$ $N_{\dot{l}}(t)$ ,
$N(t) \equiv N_{\dot{l}}(t)=a[1-\frac{1+c}{1+c\cdot\exp(-bt)}\mathrm{e}$xp{-bt $-\sigma$W$(t)$ }$]r$. (16)





, 2 3 SRGM ,
. , $W$ (t)
$f$ ( $W$ (t)) , $W$ (t) $(\mathrm{a})-(\mathrm{b})$ $W$ (t) ,
$f(W(t))= \frac{1}{\sqrt{2\pi t}}\exp\{-\frac{W(t)^{2}}{2t}\}$ , (18)
.
3.1
, 2 3 , ,


















(mean time between sofiware failures, MTBF )
1 MTBF (instantaneous MTBF) . MTBF , ,
$MTBF_{I}(t)= \frac{dt}{\mathrm{E}[dN(t)]}$ , (25)
.







, (26)- (28) MTBF , $W$ (t) $\mathrm{E}[dW(t)]=0$
.
3.4 MTBF
MTBF (cumulative MTBF) , MTBF , MTBF 1 ,
1 . , , MTBF
$MTBFc(t)= \frac{t}{\mathrm{E}[N(t)]}$ , $(29)$






2 $\mathrm{S}$ $a,$ $b$ ,
$\sigma$ , , $\mathrm{S}$ ; $a,$ $b,$ $c$,
$\sigma$ , ,
. , , (method of maximum-likelihood)
.
, $(tj, nj)(j=1,2, \cdot. . , K)$
. , $n_{j}$ , $tj$ . , $N$ (t) $K$
$P(t_{1}, n_{1} ; t_{2},n_{2};... ; t_{K}, n_{K})=\mathrm{P}\mathrm{r}[N(t_{1})\leq n_{1}, N(t_{2})\leq n_{2}, \cdots N(t_{K})\leq nK|N(0)=0]$, (33)
,
$p(t_{1}, n_{1}; t_{2}, n_{2}; \cdots\sim K, n_{K})=\frac{\partial^{K}P(t_{1},n_{1j}t_{2},n_{2}\cdots t_{K},n_{K})}{\partial n_{1}\partial n_{2}\cdots\partial n_{K}}$ , (34)
. , $N$ (t) , $(t_{j}, n_{j})$ ,
$l=p(t_{1}, n_{1} ; t_{2},n_{2}; \cdots ; t_{K},n_{K})$ , (35)
, ,
$L=\log l$ , ( )
85
$L$ . , , $\mathrm{S}$
$a,$ $b,$ $c$ , $\sigma$ ,




, 1 , ( )
















$c_{3}=$ 1 $(c_{3}>0, c_{3}>c_{2})$
, , .
Cost(N(t), $t$) $=c_{1}t+c_{2}N(t)+c_{3}\{a-N(t)\}$ . (38)
, $N$ (t) , (38) Cost(N(t), $t$) . ,
(11) , $Cost$( $N_{e}$ (t), $t$ )
. , (38) ,
$N_{e}(t)= \frac{c_{1}t+ac_{3}-Cost(N_{e}(t),t)}{c_{3}-c_{2}}$ , (39)
. (11) (39) $Cost$ ( $N_{e}$ (t), $t$) . ,
$C=-n(c_{3}-c_{2})+(c_{1}t+ac_{3})$ , (40)
, (11) $\Phi$ 0 ,
$-bt= \log[\frac{a(c_{3}-c_{2})}{C-(c_{1}t+ac_{2})}]-bt$,
. , Cost(V(t), $t$) ,
$\mathrm{P}\mathrm{r}[Cost(N_{\mathrm{e}}(t),t)\leq C]=1-\Phi$ , (41)
86
. , $C$ , $\log$
. , $\mathrm{E}$ [$Cost$ ( $N_{e}$ (t), $t$ )] ,
(42)
$\mathrm{E}[Cost(N_{e}(t), t)]=\mathrm{E}[c_{1}t+c_{2}N_{e}(t)+c_{3}\{a-N_{e}(t)\}]$
$=c_{1}t-(c_{3}-c_{2})a\{1-\exp(-bt$ $+ \frac{\sigma^{2}}{2}t)\}+ac_{3}$ ,
. , $\mathrm{S}$ $\mathrm{S}$
, ,
$\mathrm{P}\mathrm{r}[Cost(N_{d}(t), t)\leq C]=1-\Phi$ (43)
$\mathrm{P}\mathrm{r}[Cost(N_{i}(t), t)\leq C]=1-\Phi$ , (44)







, $\alpha\%$ . , $\alpha\%$
. , $\alpha\%$ , ,
UCL $=\mathrm{E}$ [Cost(N(t), $t)$ ] $+\beta_{1}(t)\sqrt{\mathrm{V}\mathrm{a}\mathrm{r}[Cost(N(t),t)]}$, (47)
LCL $=\mathrm{E}[Cost(N(t), t)]-\beta_{2}(t)\sqrt{\mathrm{V}\mathrm{a}\mathrm{r}[Cost(N(t),t)]}$, (48)
. , UCL LCL , , $\alpha\%$
. , $\beta_{1}$ (t) $\beta_{2}$ (t) , ,
$\beta_{1}(t)=\frac{\exp(\frac{\sigma^{2}t}{2})-\exp(-\sigma\sqrt{t}\Phi^{-1}(\frac{1-0.01\alpha}{2}))}{\sqrt{\exp(\sigma^{2}t)(\exp(\sigma^{2}t)-1)}}$, (49)
(t) $= \frac{-\exp(\frac{\sigma^{2}t}{2})+\exp(-\sigma\sqrt{t}\Phi^{-1}(^{1}A\frac{0.01\alpha}{2}))}{\sqrt{\exp(\sigma^{2}t)(\exp(\sigma^{2}t)-1)}}$ , (50)
. , $\Phi^{-1}$ $($ . $)$ , .
, $T^{*}$ , $T^{*}$ I $=T^{*}$
. , $\alpha\%$ UCL LCL ,




, $\mathrm{S}$ , $\mathrm{S}$ , , 5
. ,





\eta \tilde GvEC)\eta \tilde G[EC)
1: $\mathrm{S}$ 2 : $\mathrm{S}$






3: $\mathrm{S}$ 90% .
6.1
4 , \^a, $\hat{b},$ $\wedge c,$ $\hat{\sigma}$
.
: $\hat{a}=390.305$ , $\hat{b}=0.0996$ , $\hat{\sigma}=0.0561$
$\mathrm{S}$ $J\mathrm{s}$ : $\hat{a}=349.449,$ $\hat{b}=0.2370$ , $\hat{\sigma}=0.07260$
$\mathrm{S}$ $J\mathrm{s}$ : $\hat{a}=335.927,$ $\hat{b}=0.360$ , $\hat{c}=25.867$ , $\hat{\sigma}=0.0784$
, $\mathrm{S}$ . , $\mathrm{S}$
, $\hat{\mathrm{E}}[N_{1}.(t)]$ $[N_{\dot{*}}(t)]$ ,
1 2 . 1 , $t$ ,
. , 2 , ,
, .
6.2
, 5 , .
, ,
$c_{1}=1,$ $c_{2}=5,$ $c_{3}=10$ ,
. , $\mathrm{S}$
, . , $\mathrm{S}$
88
, 61 . 3 , 90%
. 3 , TU*=28.75( ) $T_{L}^{*}$ =25.21( .
7
, SRGM , 1
, 3
. , 1 ,
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